Chapter 1 Introduction
Cloud computing is emerging as a vital practice for the online provisioning of computing resources as services and enables scalable on-demand sharing of resources and costs among a large number of end users. A majority of technology experts expect that by 2020 most people will access software applications online, and share and access information through the use of remote server networks using the cloud, rather than depending primarily on tools and information housed on their individual personal computers [1] . Cloud computing technology allows scalable on-demand sharing of resources and costs among a large number of end users.
Foster et al. [2] defined cloud computing as "a large-scale distributed computing paradigm that is driven by economies of scale, in which a pool of abstracted, virtualized, dynamically-scalable, managed computing power, storage, platforms, and services are delivered on demand to external customers over the Internet." Cloud computing comes from the use of a cloud-shaped symbol as an abstraction for the complex infrastructure it contains in system diagrams [3, 4] . Cloud computing entrusts remote services with a user's data, software and computation.
Among the many types of cloud computing services delivered internally or by third party service providers, the most common are: The need for increased heterogeneity in the computing systems is partially as the need for highperformance, highly reactive systems that interact with other environments too [47] . In practice, both latency-critical and delay-tolerant jobs coexist in the cloud [16] . Theoretical and experimental results show that latency-sensitive requests induce a low resource utilization of cloud resources of between 6% and 12% [18] . Conversely, delay-tolerant requests tend to lead to a much higher utilization [18, 19, 20] .
In cloud computing, differentiated service is used to give different services to different classes of customers. An appropriate design of pricing could serve as a tool to improve performance and utilization of cloud computing systems. The need for the different pricing mechanisms to efficiently satisfy expectation of each class of customers in heterogeneous cloud computing environment is the recipe behind this study.
Statement of the problem
Pricing is a critical factor for organizations offering cloud computing services. How prices are set determines customer's behaviour and loyalty. An appropriate design of pricing could serve as a tool to incentize users to express their application's characteristics thus promoting the utilization of cloud resources which in turn reduces the unit cost of computing resources, enabling cloud providers to provide cheaper computing services without any loss of revenue. In a recent study, Nansamba et al. [21] proposed a pricing scheme for heterogeneous multiserver cloud computing system. The pricing scheme considers heterogeneous servers with different service rates and capacities. Although the model considers practical deployment scenarios of cloud servers, the users are assumed to have the same type of application and therefore served using First In First Out policy. The assumption of same type of applications heavily constraints the performance and utilization of computing systems since requests are processed upon arrival even if they are delay-tolerant. In practice, both latency-critical and delay-tolerant jobs coexist in the cloud [16] .
Theoretical and experimental results show that latency-sensitive requests induce a low resource utilization of cloud resources of between 6% and 12% [18] . Conversely, delay-tolerant requests tend to lead to a much higher utilization [18, 19, 20, 22, 23] . Moreover, the current pricing scheme used in [21] restricts the choice of cloud users who may want to pay less but are comfortable with 3 incurring extra delay. To overcome the above challenges, we propose to introduce queue management techniques that differentiates task execution via queue reordering to service latency-sensitive requests before serving delay-tolerant requests. In addition, we propose to charge the cloud users who are not willing to tolerate any delay in the completion of their jobs using a standard pricing model in the cloud market (e.g., on-demand instances in Amazon EC2, the pricing in Google Cloud Platform). On the other hand, cloud users will be charged lower prices at the expense of delaying job completion time, the more delay a user can tolerate to complete its jobs, the lower the price is.
Objectives

General Objective
The main objective of the study is to develop a pricing scheme which takes into consideration the heterogeneity of the servers, differences in user applications and charges different prices according to achieved service performance in terms of mean response time.
Specific Objectives
Specific objectives of the project will include: 1. To review literature on pricing schemes in cloud computing environments. 2. To model a pricing scheme which takes into consideration the heterogeneity of the servers, differences in user applications and charges according to achieved service performance in terms of mean response time.
3. To evaluate the performance of the proposed model against the heterogeneous pricing scheme proposed in [21] .
Scope
The scope of the research shall include modeling a pricing scheme for heterogeneous servers with different service rates and capacities. The scheduling policy used is First In First Out policy. For practical purposes two classes of requests, latency-critical and delay-tolerant requests are considered. The cloud users are charged in such a way that those who are not willing to tolerate any delay in the completion of their requests are charged using a standard pricing model in the cloud market while the cloud users who are willing to delay their requests completion time are charged less.
The pricing mechanism will be based on achieved service performance in terms of mean response time. Developing a more realistic pricing mechanism will help service providers estimate more accurately the revenue generated.
Significance of the research
Cloud computing is emerging as a promising field offering online computing resources as services.
Since pricing is a critical factor for organizations offering services or products [48] , therefore how the price is set affects customer behavior, loyalty to a provider, and the organization's success. The assumption of same type of users heavily constraints the performance and utilization of computing systems since requests are processed upon arrival even if they are delay-tolerant. In addition, providing customers with payment options can bring customer satisfaction, since each customer goes for what they have chosen. A customer satisfied with a provider's services will continue to use them in the future and recommend them to peers, and this eventually results in higher revenues. Therefore, this study will come up with a more realistic model that will be useful in providing useful insights about pricing in cloud computing. Furthermore, this study will provide a base line for future studies concerning pricing in cloud computing.
Chapter 2
Literature Review
In this chapter, we present an overview of the general literature on cloud computing with particular focus on pricing models. It specifically presents the pricing models used in cloud computing.
Overview of cloud computing networks
Cloud computing is an on-demand service that has obtained mass appeal in corporate data centers.
Cloud computing is quickly becoming an effective and efficient way of computing resources and computing services consolidation [25] . Cloud computing is Internet-based computing, whereby shared resources, software, and information are provided to computers and other devices on demand. The cloud enables the data center to operate like the Internet and computing resources to be accessed and shared as virtual resources in a secure and scalable manner.
Cloud computing represents the infrastructure as a cloud from which businesses and users are able to access the applications from anywhere in the world on demand. The University of California at Berkeley defines cloud computing as follows: "Both the applications delivered as services over the Internet and the hardware and systems software in the data centers that provide those services" [26] .
Cloud computing promises reliable service delivery through the next generation data centers that are built on the basis of virtualization, storage and virtual machine technologies [27] . This implies that users are able to access their applications by a cloud anywhere, anytime across the world easily.
The ability of organizations to tap into computer applications and other software via the cloud and thus free themselves from building and managing their own technology infrastructure seems potentially irresistible. Some companies providing cloud services have been growing at doubledigit rates despite the recent economic downturn [27] .
Service models of cloud computing
Cloud computing providers offer their services according to three fundamental models [28] : Infrastructure as a service (IaaS), platform as a service (PaaS), and software as a service (SaaS). 
Platform as a Service:
Is a paradigm for delivering operating systems and associated services over the Internet without downloads or installation [30] . Platform as a Service (PaaS) provides computational resources through the platform such as Operating System. PaaS is a proven model for running applications without the hassle of maintaining the hardware and software infrastructure at your company. A PaaS provider hosts the hardware and software on its own infrastructure.
PaaS is built upon the principals of Infrastructure as a Service by providing an environment where applications can be built and deployed in a secure, rapid and high quality manner.
PaaS eliminates the hardware dependency and capacity concerns. However, the consumer does not manage or control the underlying cloud infrastructure including network, servers, operating systems, or storage, but has control over the deployed applications and possibly configuration settings for the application-hosting environment.
Infrastructure as a Service:
The core computing resources are hardware and software components. They lay the founda-tions of every computing infrastructure [30] . This model involves outsourcing the equipment used to support operations, including storage, hardware, servers and networking components. The capability provided to the consumer is to provision processing, storage, networks, and other fundamental computing resources where the consumer is able to deploy and run arbitrary software, which can include operating systems and applications. The consumer does not manage or control the underlying cloud infrastructure but has control over operating systems, storage, and deployed applications; and possibly limited control over some selected networking components (e.g., host firewalls). Amazon Elastic Computing Cloud (EC2) is the leading Infrastructure as a Service (IaaS) provider [31] . Amazon Elastic Compute Cloud (Amazon EC2) is a web service that provides resizable compute capacity in the cloud.
Software as a Service:
SaaS is a software distribution model in which applications are hosted by a vendor or service provider and made available to customers over a network, typically the Internet. Software as a service (SaaS) allows users to connect to and use cloud-based applications over the
Internet. Common examples are email, calendaring, and office tools (such as Microsoft
Office 365). SaaS is the most basic form of cloud computing [5] . It includes implementation of specific business functions, customized business applications, etc. The major benefit of SaaS is that there is no licensing risk involved and no version compatibility issue. SaaS reduces the hardware costs as well. Customers pay for the software and the underlying infrastructure and does not require technical know-how. In this model, the customer does not manage or control the underlying cloud infrastructure including network, servers, operating systems, storage, or even individual application capabilities, except limited user-specific application configuration settings.
Deployment Models
Cloud computing consists of four deployment models [28]:
1. Public cloud: In this case, the cloud infrastructure is provisioned for open use by the general public. It may be owned, managed, and operated by a business, academic, or government organization, or some combination of them. In this case the cloud exists on the premises of the cloud provider. In public clouds, resources are offered as a service, usually over an Internet connection, for a pay-per-usage fee. Users can scale their use on demand and do not need to purchase hardware to use the service. Public clouds are available to the general public or large organizations, and are owned by a third party organization that offers the cloud service [32] . Examples of public cloud include: Amazon AWS, Google Apps, Salesforce.com, Microsoft BPOS, and Microsoft Office 365.
2.
Hybrid cloud: Hybrid clouds are more complex than the other deployment models, since they involve a composition of two or more clouds (private, community, or public). Each member remains a unique entity, but is bound to others through standardized or proprietary technology that enables application and data portability among them [33] . A hybrid cloud is a composition of at least one private cloud and at least one public cloud. A hybrid cloud is typically offered in one of two ways: a vendor has a private cloud and forms a partnership with a public cloud provider, or a public cloud provider forms a partnership with a vendor that provides private cloud platforms [34] .
Private cloud:
In this case, the cloud infrastructure is provisioned for exclusive use by a single organization comprising multiple consumers (e.g., business units). It may be owned, managed, and operated by the organization, a third party , or some combination of them, and it may exist on or off the premises. Traits that characterize private clouds include the ring fencing of a cloud for the sole use of one organization and higher levels of network security. They can be defined in contrast to a public cloud which has multiple clients accessing virtualised services which all draw their resource from the same pool of servers across public networks. Private cloud services draw their resource from distinct pool of physical computers that may be hosted internally or externally and may be accessed across private leased lines or secure encrypted connections via public networks.
Community cloud:
Here the cloud infrastructure is provisioned for exclusive use by a specific community of consumers from organizations that have shared concerns (e.g., mission, security requirements, policy, and compliance considerations). Community cloud is similar to a private cloud, but the infrastructure and computational resources are exclusive to two or more organizations that have common privacy, security, and regulatory considerations, rather than a single organization [32] . Community cloud may be owned, managed, and operated by one or more of the organizations in the community, a third party, or some combination of them, and it may exist on or off the premises.
Pricing Models in Cloud Computing
Pricing is an important factor for the company which provides cloud services because it affects the clients directly and the organization profit. The price also has a major impact in economic aspect,
where key concepts such as fairness and competitive pricing in a multi-provider marketplace affect the actual pricing [35] . Each provider has a scheme for calculating the price for the cloud services offered for clients. The provider's goal is to have a greater benefit, while each client's goal is to have the maximum service for low price. Therefore, satisfying both parties requires an optimal pricing scheme. The price charged is one of the most important metrics that a service provider can control to encourage the usage of its services [36] . According to Weinhardt et al., [7] cloud computing success can be obtained only by developing adequate pricing techniques. How the price is set affects customer behavior, loyalty to a provider, and the organization's success. The price determined for a service or product must consider the manufacturing and maintenance costs, market competition, and how the customer values the service or product offered [37] . Therefore, developing an appropriate pricing model will help achieve higher revenues.
The following are the most pertinent factors that influence pricing in cloud computing [38, 36, 39 ]:
1. QoS. This is the set of technologies and techniques offered by the service provider to enhance the user experience in the cloud, such as data privacy and resource availability. The better QoS offered, the higher the price will be.
2. Age of resources. This is the age of the resources employed by the service provider. The older the resources are, the lower the price charged will be. This is because resources can sustain wear over time, which reduces their financial value.
3. Initial costs. This is the amount of money that the service provider spends annually to buy resources.
4. Lease period. This is the period in which the customer will lease resources from the service provider. Service providers usually offer lower unit prices for longer subscription periods.
5.
Cost of maintenance. This is the amount of money that the service provider spends on maintaining and securing the cloud annually.
Cloud computing pricing approaches
Cloud computing pricing describes the process by which the price is determined. 3. Assured purchase volume plus per-unit price rate: In the assured purchase volume plus perunit price rate, the customer pays a fixed price for a certain quantity. If the customer's utilization exceeds that quantity, the customer has to pay a fixed rate per unit for the extra utilization.
4. Per-unit rate with a ceiling: In the per-unit rate with a ceiling approach, the customer pays the per-unit rate up to a certain limit. The provider will not charge the customer above that limit.
5. Per-unit price: In the price per unit approach, the customer is charged a different price per unit.
6. The quality of service (QoS) describes the requirements for what a service provider should provide to his customers. These requirements include the availability of service, security, privacy, scalability, and integrity of the service provider. If the service provider ensures that these requirements are maintained at a high level, the quality of the service offered will increase.
7. The utilization period can be defined as the period in which the customer has the right to utilize the provider services based on Service Level Agreements between the two parties.
Different service providers employ different schemes and models for pricing. However, the most common model employed in cloud computing include:
Fixed Pricing
Fixed pricing includes pricing mechanism as pay-per-use pricing, subscription and list price/menu price [39] . Amazon, considered the market leader in cloud computing, utilizes such a model by charging a fixed price for each hour of virtual machine usage [41] . The "pay-as-you-go" model is also implemented by other leading enterprises such as Google App Engine[42] and Windows Azure [43] .
2. Pay for resources Another common scheme employed by leading enterprises is the "pay for resources" model. A customer pays for the amount of bandwidth or storage utilized and pays in advance for the services he is going to receive for a pre-defined period of time.
3. Pay-per-use In this model, users only have to pay for what they use. Customer pays in function of the time or quantity he consumes on a specific service. Pay-per-use makes users aware of the cost of doing business and consuming a resource. Jaatmaaet al. [44] emphasized that a "pay-per-use" pricing mechanism is regarded as the key characteristic of cloud computing pricing. The study found that pay-per-use pricing significantly changed the risksharing model between the service provider and the customer as the customer's commitment decreased. Mihailescu et al.[45] proposed the dynamic pricing scheme for federated clouds, in which resources are shared among the various service providers in cloud computing. Federated clouds are implemented for improving the reliability and scalability for both service provider and end users. End users in the federated environment are assumed to be capable of both buying and selling resources. As compared to fixed prices, the dynamic pricing that reflects the real-time supply demand relationship represents a more promising charge strategy that can better exploit user payment potentials and thus larger profit gains at the cloud provider [46] .
Dynamic pricing scheme
Homogeneous multiserver systems
Most of the traditional computing processors were homogenous meaning that they had the same characteristics [47] . Homogenous processing environments were overwhelmed by the increasing work load which led to the evolution of heterogeneous processing environments. These have different characteristics for the same processor unlike the homogenous processors. The following conditions should be satisfied for a system to be considered as homogeneous [47]:
1. The hardware or processor ensures the same storage representation.
2. The software module (operating system, compiler, compiler options) on each processor also guarantees the same storage representation.
Homogeneous servers have the same server speed which makes the service rate to be constant, and therefore the load depends on the arrival rate only, on the other hand heterogeneous servers have variable service rates that make the load to depend on both the service rate and arrival rate. In addition, the requirements for a homogeneous computing environment are rigorous and are frequently not met in networks of workstations, even when each computer in the network is the same model.
On the other hand, heterogeneous multiserver system exhibits reduced execution time for several tasks with overall increase in performance. Although cloud computing infrastructure assumes homogeneous data centers, the investigation of queueing systems with heterogeneous servers is called for because many queueing systems arise in practice and work at different speeds [46] . 13
Heterogeneous multiserver systems
Heterogeneous computing refers to those systems that make use of different types of computational units. The computational unit can be a general-purpose processor, a special-purpose processor, or a co-processor. Cloud server systems consist of heterogeneous servers (which means service rate of all servers can be different) because failed or misbehaved servers of a multi-server system are replaced by new and more powerful ones that cause systems to be heterogeneous. The need for increased heterogeneity in the computing systems is partially as the need for high-performance, highly reactive systems that interact with other environments too [47] .
Research gap
Determining what a service provider will receive from an end user in exchange for their services is important. Pricing is considered a critical factor for organizations offering services or products [48] .
The price determined for a service or product must consider the manufacturing costs, maintenance costs, market competition, and how the customer values the service or product offered [37] . Hence, developing an appropriate pricing model is important in achieving higher revenues.
Yeoa et al. [49] described the difference between fixed and variable prices. Fixed prices were easier to understand and more straightforward for users. However, fixed pricing could not be fair to all users because not all users had the same needs. Their study proposed charging variable prices with advanced reservation. Charging variable pricing with advanced reservation would let users know the exact expenses that are computed at the time of reservation even though they were based on variable prices. The advantage of advanced reservations is that users can not only know the prices of their required resources in the future but are also able to guarantee access to future resources to better plan and manage their operations.
Mihailescu et al. [45] introduced a dynamic pricing scheme for federated clouds, in which resources are shared among many cloud service providers. The authors carried out simulations to determine the efficiency of this approach by comparing it to a fixed pricing scheme. They found that dynamic pricing achieved better average performance with increasing buyer welfare and numbers of successful requests. However, fixed pricing achieved better scalability in the case of high demand in the market.
Wang et al. [50] developed two distributed algorithms for the net profit optimization: Net Profit Optimization for Divisible jobs (NPOD), and Net Profit Optimization for Indivisible Jobs (NPOI).
An indivisible job is a job that cannot be interrupted, while a divisible job is one that can be interrupted. The authors proved via simulations that the two algorithms can increase revenues and reduce electricity costs by comparing it to the Largest Job First (LJF) algorithm. However, the authors assumed that the servers at all data centers were homogenous, which does not depict the real cloud server deployment scenarios. The disadvantage of homogeneous multiserver system is that it exhibits increased execution time for several tasks with overall reduction in performance.
Cao et al. [10] proposed an optimal multiserver configuration for a cloud computing environment.
The pricing mechanism proposed is biased towards the service provider and aims to increase the service provider's revenues [10] . In addition all servers are assumed to be homogeneous which does not depict realistic cloud deployment scenarios.
In an effort to maximize revenue, Feng et al. [13] scheduled the Cloud resources among different service instances adaptively based on the dynamically collected information. In the study, each of servers required to maximize profit was obtained. However, the multiserver system is assumed to be homogeneous.
In an effort to accurately model practical deployment scenarios of cloud servers, Nansamba et al. [21] proposed a pricing model for heterogeneous cloud computing servers based on response time and slowdown. The authors observed that heterogeneous multiserver system generated more revenue than homogeneous multiserver system. However, this study assumed that customers have the same type of application and therefore served using First In First Out policy. The assumption of same type of application heavily constraints the performance and utilization of computing systems since requests are processed upon arrival even if they are delay-tolerant. 
Pricing model for heterogenenous multiserver systems
The heterogeneous multiserver system consists of servers with different capabilities in terms of general-purpose processor, special-purpose processor, or a co-processor. The heterogeneous multiserver system can be modeled using the M/M i /m queue system [21] . In this case the first M denotes Markovian and represents Poisson arrivals into systems, m i represents the service rates for servers i = 1, 2, ..., m. The service rates are exponentially distributed and variable, and depends on the state i in which the system is. The allocation policy in the system is FIFO. The service rate can be defined as shown in equation 2.1.
In this case, µ 1 ≥ µ 2 ≥ ...µ m . . Equation 2.2 can be formulated in two ways when the system contains less than m jobs, in which µ i is a variable and when there are m or more jobs in the system, in which case µ i is a constant.
Define
2)
When i = 1, the system is in state 1 and there is 1 job present in the system and only one server is processing the work (this server is assumed to be the fastest).
When i = 2, the system is in state 2 and there are 2 jobs present in the system and two servers are processing the work (the two servers are assumed to be the fastest). The mean revenue G brought by a service provision is
where a is the service charge per unit amount of service, and P o is as given in equation 2.4.
.3 represents the revenue generated from a multiserver heterogenous cloud computing system, however in real cloud computing environments, cloud customers have different type of applications (delay tolerant and delay sensitive) and hence cannot be serviced in the order in which requests arrive. Therefore, we propose to introduce queue management techniques that differentiates task execution via queue reordering to service latency-sensitive requests before serving delay-tolerant requests. In addition, we propose to charge the cloud users who are not willing to tolerate any delay in the completion of their jobs using a standard pricing model in the cloud market while cloud users who can tolerate some delay will be charged lower prices at the expense of delaying job completion time, the more delay a user can tolerate to complete its jobs, the lower the price charged.
Chapter 3 Methodology
This study proposes to use analytical methodology. Analytical methodology is a generic process combining the power of the Scientific Method with the use of formal process to solve any type of
problem. An analytical model therefore is a set of computational algorithms or formulae used to analyze systems. Analytical models provide a faster and more computationally efficient methods of obtaining perfomance measures. Simulation on the other hand is the imitation of the operation of a real-world process or system over time. The act of simulating something first requires that a model be developed; this model represents the key characteristics or behaviors/functions of the selected physical or abstract system or process. The model represents the system itself, whereas the simulation represents the operation of the system over time. Therefore, we propose to use analytic models to analyse the proposed system.
Proposed allocation and pricing model
A cloud service provider serves user's requests by using a multiserver system which is constructed and maintained by an infrastructure vendor and rented by the service provider. We consider a heterogeneous multiserver system where the service rate of servers is different. Customers submit service requests to a service provider, and the service provider serves the requests by using the multiserver system.
The servers are grouped into clusters depending on their speeds and each server can only join one cluster. Every service instance is mapped to a server cluster and each cluster is virtualized as a single machine.
In this model, requests arrive randomly into the system. Requests are classified into delay sensitive class and delay tolerant class and queued in their corresponding queues (Q 1 and Q 2 ). Delay sensitive requests are assigned the servers and served before the delay tolerant requests. The response time for each priority class is determined and it is upon which the price is charged. Algorithm 1
shows the pseudocode for the differentiated heterogeneous multiserver cloud computing system. 
end if
The charging model will be given as follows:
If the response time r to process a service request is less than T then the customer will pay an amount ar, where a is the service charge per unit amount of service, and T is the benchmark response time in the service level agreement. On the other hand, if the response time r to process a service request is longer than T then the customer will pay an amount ar(1 − d), where d indicates the degree of penalty incurred by the service provider for delaying the service. This is represented
A cloud service provider serves user's requests by using a multiserver system which is con-structed and maintained by an infrastructure vendor and rented by the service provider. We consider a heterogeneous multiserver system where the service rate of servers is different. Customers submit service requests to a service provider, and the service provider serves the requests by using the multiserver system. The servers are grouped into clusters dynamically and each server can only join one cluster. Every service instance is mapped to a server cluster. Each cluster is virtualized as a single machine. A cloud computing service provider serves users' service requests by using a multiserver system, which is constructed and maintained by an infrastructure vendor and rented by the service provider. Examples are blade servers and blade centers where each server blade is a server, clusters of traditional servers where each server is an ordinary processor [52] , [49] , and multicore server processors where each server is a single core [51] . We refer to all these blades/processors/cores as servers. Users submit service requests to a service provider, and the service provider serves the requests on a multiserver system.
In addition, we consider a multiserver heterogeneous queueing system in which the arrivals follow 
Model Metrics
The model metric will be revenue. Revenue is the income generated. Revenue has been used in literature as a performance metric to evaluate the performance of different pricing schemes [10, 12] . The revenue will be expressed in terms of performance parameters like task mean response time. A service provider should keep the mean response time to a low level by providing enough servers and/or increasing server speed, and be willing to pay back to a customer in case the mean slowdown exceeds certain limits.
Modeling process
In modeling mean response time, we use queueing theory. Queueing models are suitable in a variety of environments ranging from common daily life scenarios to complex service and business processes, operations research problems, or computer and communication systems. Queueing theory has been extensively applied to evaluate and improve system behavior [13, 10] . Specifically, we shall use the M/M i /m queue system, where M represents Poisson arrival with mean arrival rate (λ) per request with exponentially distributed inter arrival times. Poisson distribution best models random arrivals into systems. Poisson probability distribution is given in [11] as: First Served. However, the delay sensitive requests are served before delay tolerant requests. The service intensity, ρ is defined as the ratio of arrival rate to the service rate, ρ = λ/µ. The last m represents the number of servers. Additionally we shall form the optimization problem of the profit generated. The optimization problem will be solved using Lagrange Multiplier Method. In doing this, we shall determine the number of servers that give maximum profit. In mathematical optimization, the method of Lagrange multipliers [53] is a strategy for finding the local maxima and minima of a function subject to constraints. The method of Lagrange multipliers is a powerful tool for solving this class of problems. The number of servers to ensure maximum profit for the service Provider-Oriented pricing model will then be determined.
Performance Evaluation
To evaluate the performance of the proposed models, we shall:
(i) Analyze the variation of Revenue with execution requirement (i.e., the amount of service), (ii) Analyze the variation of Revenue with arrival rate of requests, (iii) Analyze the variation of Revenue with number of servers.
(iv) Analyze the variation of Revenue with the system load.
In all cases, the Revenue under the Differentiated Pricing Scheme will be compared with Revenue under Non Differentiated Pricing Scheme for Heterogeneous Cloud Computing Environments.
Tools to be used
We employ Monte Carlo simulation which is a package of MATLAB to simulate the M/M i /m queuing system. Monte Carlo simulation involves the use of random sampling techniques and often the use of computer simulation to obtain approximate solutions to mathematical or physical problems especially in terms of a range of values each of which has a calculated probability of being the solution.
Monte Carlo simulation is widely used in a wide range of areas for statistical simulation. In communication engineering, this technique is basically used to simulate the behavior of a given communication system using artificial means but based on input statistics similar to those of the inputs used in practice [54] . 
